Cyclooxygenase (COX) or prostaglandin H 2 synthase (PGHS) catalyzes the conversion of arachidonic acid into prostaglandins. Nonsteroidal anti-inflammatory drugs (NSAIDs) work by inhibiting both COX-1 and COX-2 isoforms, thus disturbing this reaction. In Indonesia, Andrographis paniculata (local name: sambiloto), is empirically used to reduce inflammation by consuming the herb tea of this plant. This work studied the inhibitory activity of andrographolide and andrograpanin, diterpenoids of the plant, on the rate of prostaglandin formation. Previous works have proven that andrographolide inhibited PGE 2 production in LPS-induced human fibroblast cells. This study was performed by measuring the absorbance of TMPD (tetramethyl-p-phenyldiamine) oxidized by andrographolide and andrograpanin. Acetosal was used as a control drug. The rate of PGH 2 formations on either COX-1 or COX-2 was affected by andrographolide and andrograpanin. Andrographolide and andrograpanin interact longer with COX-1 than COX-2. Andrographolide shows weak inhibition on the rate of PGH 2 formation, whilst andrograpanin might be further developed for potential antiinflammatory drugs.
Introduction
Cyclooxygenase (COX) or prostaglandin H 2 synthase (PGHS) is the enzyme that catalyzes the first two steps in the biosynthesis of prostaglandins from the substrate, arachidonic acid. These are the oxidation of arachidonic acid to the hydroperoxy endoperoxide, PGG 2 , and its subsequent reduction to the hydroxy endoperoxide, PGH 2 . The PGH 2 is transformed by a range of enzymes and nonenzymatic mechanisms into the primary prostanoids, PGE 2 , PGF 2α , PGD 2 , PGI 2 , and TXA 2 .
The catalytic domain of COX constitutes the majority of the COX monomer and the site of substrate and NSAID binding. The entrance to the COX active site occurs at the base of the membrane binding domain and leads to a long hydrophobic channel that extends deep into the interior of the catalytic domain. 2 The main reason for classifying COX-1 and COX-2 as physiological and pathological, respectively, is that COX-2 is only expressed when it is induced by stimuli and therefore, it is associated with inflammation. NSAIDs work by inhibiting both COX isoforms, thus the conversion of arachidonic acid into prostaglandin is disturbed. 3 All NSAIDs in clinical use have been shown to inhibit COX, leading to a marked reduction in PG synthesis. The inhibition by aspirin is due to irreversible acetylation of the cyclooxygenase component of COX. In contrast, NSAIDs like indomethacin or ibuprofen inhibit COX reversibly by competing with the substrate, arachidonic acid, for the active site of the enzyme. 1 COX-2 is a very important pharmaceutical target for the treatment of debilitating diseases like rheumatoid arthritis and osteoarthritis and as a preventative agent for colon cancer. However, important questions remain concerning the benefit−risk profiles of traditional NSAIDs, the diaryl heterocycle class of COX-2 selective inhibitors and structurally distinct inhibitors like lumiracoxib (2-[(2-chloro-6-fluorophenyl) amino]-5-methylphenyl)acetic acid) that are also selective for COX-2. Selective inhibition of COX-2 promises to provide NSAIDs with increased safety and has already become a purposeful approach. A publication by Stubanus and colleague provides evidence suggesting that COX-2 inhibitors impair renal function and cause sodium retention in patients with mild preexisting renal failure and presumably also in some elderly patients with volume depletion. 4 Therefore a bioresources-based medication is an interesting choice for safer intention. In Indonesia, Andrographis paniculata (A. paniculata), is empirically used to reduce inflammation by consuming the herb tea of this plant. Andrographolide and andrograpanin are lactone diterpenoids contained in this plant.
This work studied the inhibitory activity of andrographolide and andrograpanin on the rate of prostaglandin formation. Previous works have proven that andrographolide inhibited PGE 2 production in LPS-induced human fibroblast cells. or COX-2) were added into each inhibitor well, followed by the addition of 20 µl of andrographolide (AGP) or andrograpanin (AGN). The plate was stirred and incubated for 5 minutes at 25°C. A volume of 15 µl of colorimetric substrate solution was added to all wells, followed by 20 µl of arachidonic acid. The plate was stirred and incubated precisely for 2 minutes at 25°C. The absorbance was measured at 590 nm in 5 minutes interval.
Results and Discussion
Inhibition of the rate of PGH 2 formation was performed in vitro using Colorimetric COX Inhibitor Screening Assay Kit No. 705010 (Cayman Chemical Company). The basic principle of this kit is the oxidation reaction of the TMPD due to the peroxidase activity of the heme, thus causing the TMPD to release one electron to form a colored compound which absorbs at a wavelength of λ 590 nm. 6 Higher catalysis activity of COX on arachidonic acid, resulted more oxidized TMPD, thus increasing the absorbance.
In Figure 1 , we observed that PGH 2 on COX-1 was slowly produced as proven by the flat slope of the curve (during measuring time the absorbance values of oxidized TMPD were still low). This means that on COX-1, both compounds shows a higher affinity thus the substrate arachidonic acid reacts slower with the enzyme (in the performing the assay procedure, the arachidonic acid and TMPD were added after the enzyme was preincubated with the extracts).
On COX-2, the rate of PGH 2 formation is faster (at 5 minutes, the absorbance of oxidized TMPD has already reached higher values). This also applies for acetosal whereby the rate of formation of prostaglandin with COX-1 is slower than with COX-2. AGP inhibits weakly whilst AGN 2 µg/l shows similar inhibition strength as acetosal (ACT) (Figure 2 ). The pattern of the curves could be explained by correlating it with the biosynthesis of prostaglandins (PGs). In the first step of biosynthesis of PGs, the substrate, arachidonic acid, has to react with COX enzyme and forms enzyme-substrate complex. This reaction takes place in the catalytic site of COX. In the second step, a conformational change occurs in the enzyme-substrate complex to enclose the substrate tightly in the enzyme to form the product. The enzyme then relaxes and releases the product. It could be seen that the amount of product increases with time until a plateau is reached ( Figure 3) .
As in the case of the interaction of a substrate with an enzyme, an inhibitor could also form a complex with an enzyme. The equilibrium constant, Ki (k 2 /k 1 ) is a dissociation constant for cleavaging the enzyme-inhibitor complex, therefore the smaller the Ki value for inhibitor, the more potent the inhibitor is. 7 When inhibitor binds at the active site, the location where the substrate binds, then it is defined as a competitive inhibitor. Formation of the enzyme-inhibitor complex prevents the binding of the substrate to the enzyme, therefore blocks the catalytic conversion of the substrate, in this case is arachidonic acid, to product, which is PGH 2 . 9 The structural requirements for the timedependent inhibition of prostaglandin biosynthesis by different anti-inflammatory drugs were first evaluated by Rome and Lands, who studied ibuprofen, mefenamic acid, and flurbiprofen. A kinetic model was developed to explain their observations in which there is an initial rapid, reversible binding of the inhibitor to the enzyme characterized by a dissociation constant, K I , followed by an essentially irreversible time-dependent change in the enzyme−inhibitor complex characterized by the rate constant. [10] [11] [12] k inact :
Conclusion
In our work, both AGP and AGN could inhibit the rate of PGH 2 formation, therefore they might be potential as anti-inflammatory phytomedicines. Their anti-inflammatory activity are weaker than acetosal.
